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EFFECTS OF THE ATR BREATHING PROPULSICYN SYCTEM
ON SPACE SHUTTLE ORBITER SUBSONIC

STABILITY AND CONTROI, CHARACTERISTICS (OAT71A)

By

Robert Mennell
Rockwell International

ABSTRACT

Experimental aerodynamic investigations were conducted on an 0.0405
scale representation of the -89B (2A) Space Shuttle Orbiter in the Rock-
well International T7.75 x 11.00 Foot Low Speed Wind Tunnel during the

time period from July 27, 1973 to August 3, 1973. The NASA designation

for this test series was OAT1A.

The prinmary test objective was to investigate the aerodynamic effects

of engine nacelle grouping and location on the orbiter ferry mission con-

figuration. Five nacelles were tested, both individually mounted as well

as mounted in a "podded" configuration, at the baseline position and moved

45,0 inches aft (full scale).

Orbiter control effectiveness, both with and without nacelles, was
recorded at elevon deflections of 00, So, 10°, -10° and -20° and aileron
deflections, about 0° elevon, of 0°, 5°, 10°, and 15°, The model was
sting mounted on a 2.5 inch diameter internal strain gage balance enter-

ing through the base region. The nominal angle of attack range was -hos
a = 300. Yaw polars were recorded over the beta range of -10% = B =10°

at fixed angles of attack of 0° and 10°,
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INDEX OF DATA FIGURES (Concluded)

PLOTTED COEFFICIENTS SCHEDULE:

(8)

(B)
(c)
(D)

CL, CN, CAF, CAB, CDF, CIM vs. ALPHA
CL vs. CIM; CL vs. CDF; XCP/L, L/DF
CY, CIN, CBL vs. ALPHA

DCY/DA, DCYNDA, DCBLDA vs. ALPHA

CY, Cxil, CBL vs. BETA
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SUBSCRIPTS

gcta o

SADSAC
SYMBOL

MACH

Q(NsM)
Q(PSF)

RN/L

ALPHA
BETA

PSI
PHI

BREF

LREF

SREF
MRP

XMRP

ZMRP

NOMENCLATURE
Genersl

DEFINITION

cpeed of sound; m/sec, ft/sec
pressure coefficient; (p; - rw)/a
Macn number; V/a

pressure; N/m", pst

dynemic pressure; 1/2pV¢, N/m?, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

sngle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base esrea; m2, ft°
wing span or reference span; m, ft
center of gravity

reference length or wing mean
aerodynemic chord; m, ft

wing srea or reference aresa; m2, £t2
moment reference point

moment reference point on X axis
moment reference point on Y axis

moment reference point on 2 axis

base

local

static conditions
total conditions
free stream
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SADSAC

SYMBOL SYMBOL
Oy CN

Ca CA

Cy (6) 4

CAb CAB
Cag CAF

Cn CLM

Cn CYN

C[ CBL

C, CL

Cp ch

cDb CDB
Cpe CDF

Cy CY

Cn CIM

Cn CIN

¢ CSL
L/Ds L/DF

NOMENCLATURE (Continued)
‘Body-Axis System

DEFINITION
normel-force coefficient; EEEEE%EerCG
axial-force coefficient; Eliﬂigﬁorce
side-force coefficient; §1§§§£9rce
base-force coefficient; 92§S§£2£Qe

q

-Ay(Pp - Pr)/a8 '

forebody axisl force coefficient, Cp - CAb

pitching-moment coefficient; Ritching moment
9SLRER

yeving-moment coefficient; ZEEEE&E%EESEE

rolling-moment coefficient; rolliggbmnment

Stability-Axis System

1ift coefficient; ift

qS
drag coefficient; drag
qS
base-drag coefficient; Da8se drag

qS
forebody dreg coefficient; Cp - CDb

slde-force coefficient; §E§£E§2£Se

pitching-moment coefficient; Eitchinﬁ moment
QOLREF
yewing-moment coefficient; ’“15qsm°m'ﬂt

rolling-moment coefficient; 151130 moment

1ift to forebody drsg rutio, cL/cDf

6
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SADSAC
SYMBOL SYMBOL
Ay ABC
CAg, CABC
CAy CAN
CAq CAT
CmN CLMN
Cag,, DCELDA
Cnéa DCYNDA
CY5a DCY/DA
LB LB

Pp1,Pb2 ,P‘b3,Pbl“Pb5

Pre

NAC X/L

XCP/L

Vapr——

NACX/L

XCP/L

AILRON
ELEVON

RUDDER

NOMENCLATURE (Continued)
ADDITIONS TO NOMENCLATIRE

DEFINTTION

balance cavity area, rt.?
balance cavity axial force coefficient.

ccefficient of axial force due to nacelle
internal duct drag.

model axi force weight tare coefficient.

coefficient of pitching moment due to nacelle
internal duct drag.

rolling moment coefficient aileron derivative,
per degree.

yawing moment coefficient aileron derivative,
per degree.

side force coefficient aileron derivative,
per degree.

orbiter fuselage length, ft.

model base pressures at orifice numbers 1 - 5,
respectively, psia.

model bsalance chamber pressure, psia.
air breathing engine nacelle longitudinal location,
fraction of body length, positive aft of nominal

position.

lengitudinal center of pressure location, fraction
of body length.

aileron deflection angle, degrees.

elevon deflection angle, degrees.

rudder deflection angle, positive deflection,
trailing edge left; degrees.
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SADSAC
SYMBOL SYMBOL
8sp SPDBRK
8 BDFLAP
Sy VTLINC
88 DAILRN

NOMENCLATURE {Concluded)

DEFINITION

speed brake idet'lection angle, degrees.

flap, surface deflection angle, positive
deflection, trailinz edge down; degrees.

vertical tail incidence, positive when
trailing edge left; degrees.

incremental aileron deflection, degrees.
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CONFIGURATT .5 INVESTIGATEL

The model usea for this tes* period was an 0.040O5 scale representa-
tion of tne -89B (2A) Space Shuttle Orbiter. The basic nodel is of the
blended wing-body design utilizing a double delta wing (75°/45°/\ (),
fuli span elevons (unswepc hingeline), a centerline vertical tail with
ruvdder and for rudder flare capability, : canopy, and a manipulator arm
housing. To complete this orbiter ferry configuration air breathing
engine nacelles were located in various zroupings and locations on the
wing and fuselage as per VLT3-CO00SkLA.

All model components were per the -89B configuration except for the
fuselage lines from station 1307 aft and the various engine nacelle
groupings srd locations.

The orbiter model was constructed either of wood and/or aluminum
and was mounted on the Task Corporation 2.5 inch MK IX internal strain
gage balance. The following nomenclature was used to designate the

variocus model r~omponents:

Component Description
B16 -89B fuselage
cs5 -89B canopy
DT -89B manipulator arm housing
E18 Full span elevon used on wing W8T
Fl Body flap used on fuselage Bl6
J1h Air breathing propulsion system consisting

of two podded nacelles and one § nacelle
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Component
JlT

R3
V3

w87

X10

CONFICURATTONS INVESTIGATED (Concluded)

Description

Air breathing propulsion system consisting
of five individual nacelles.

Rudder used on vertical tail V3.
ATP centerline vertical tail.
-89B double delta wing (75°/45%\;p)-

Transition grit located on model nose and
all swept surfaces.

Transition grit located on model nose, all
swept surfaces, and ABPS nacelles.

10



[
¥
.

“d

&

TEST FACILITY DESCRIPTIOHN

The North American Aerodynamics Laboratory (NAAL) 7.75 x ll-Foot
Wing Tunnel is a2 continuous flow, closed circuit, single return type tun-
nel capable of speeds up to 200 miles per hour. The test section is
vented to atmospheric pressure and is T7.75 x 11 feet wide by 12 feet in
length. Power is supplied by a 1250 horsepower nacelle mounted synchro-
nous motor driving a 19 foot, seven blade, laminated birch propeller.
The airspeed is controlled by varying the degree of coupling between the
motor and propeller by means of a magnetic clutch. A damping screen and
honeycomb section in the settling chamber upstream from the contraction
cone (ratio 7.53 to l) minimizes turbulence in the test section. The
NAAL Wind Tunnel has been in operation since June 1943 and calibrations
are available over a wide range of test conditionms.

Tests may be conducted using a variety of mounting systems, e.g.;
a single strut, double strut, sting strut, reflection plane, cable sus-
pension, and two dimensional wall, Aerodynamic data may be measured

by & planar type external balance system or sting mounted internal bal-

ances. An Astrodata Automatic Data Acquisition System is used to collect,

multiplex, digltize, and record 50 channels of force and/or pressure data
on magnetic tape. This data is then rapidly reduced and plotted using

automatic data processing equipment and an automatic digital plotter.

11
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DATA REDUCTION T

The aerodynamic force and moment data presented were measured by the
Task Corporation 7.5 inch MK IX strain gage balance. The data have been

corrected for model base and balance chamber pressure effects, nacelle

internal drag, model blockage influence on tunnel dynamic pressure, wall

interference effects, sting and balance deflections, and model weight

RN A

tare.
The corrections to axial force were accomplished in the following

manners

Crg = CA - CApg - Cap - Cay - Caq

where:
L _(PBC - P (ABC)
Cupc = T/ 5
-{Pb Ps Ap
and: Cap = (—q—) (S—) s P =1/5(Byp + . . o + Pys)
Z CAN = Nacelle internal drag correction.
i CAT = Model axial force weight tare,
-

- The following reference dimensions were used for reducing the aero-~
E dynamic data to coefficient form:
Symbol Definition Value
¥ Ap Area of base, ft° 0.51939
ARC Area of balance cavity, ft° 0.13635
% S (SREF) Area of wing, f£t° L4123
A XRE Center of gravity, fus. sta. 43,597k
% ZMRP Center of gravity, waterplane 16,2000

12 b
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DATA REDUGCTION (Concluded)

Definition Value
Length orbiter body, in. 53. 7840
Wing MAC, in. 19.2300
Wing span, in. 37.9350

Axial force correction due to
J1} nacelle 0.00206

Axial force correction due to
J17 nacelle 0. 00206

Pitching moment correction due to
Jy) nacelle 0.0006T70

Pitching moment correcticn due to
J17 nacelle 0. 000665

13
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COMMENTS:

TABLE I.
TEST ¢ OA7A ~ NAFL 706 lpate: &//73
TEST CONDITIONS :
REYNOLDS NUMBER DYNAMIC PRESSURE FTAGNATION TEMPERATURE]
MACH NUMBER (per unit length) (pounds/sq. inch)  ,}  (degrees Falwenheit)
0. 200 [ FEXIOYF | GO lbs [f1*]| 80> /20°F
BALANCE UTILIZED: _/AASK 2. & /Ner MK T
CAPACITY: ACCURACY: . %%ﬁ';ﬂ%'?
V'
o LSOQ /s Z 2576
s 250 /bs -
N _ROL/bs .
M P —————
R e —_— —
w  F000inlbs x . 25% —_—
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TABLE IIT,.
DIMENSIONAL DATA

MODEL COMPONENT:  BODY - /6

GENERAL DESCRIPTION: — 89B Ausesmy& |

Stpe Modésr = 0.0808

DRAWING NUMBER: V72 - 00087
DIMENSIONS : FULL-SCALE
Length ~/A/ (323.30
Max. Width
Max. Depth ~/M. 2946, OO
Fineness Ratio
Area ~ /;‘ z
Max. Cross-Sectional 3255 28
Planform
Wetted
Base ,
18

MODEL SCALE

33. 796

0.583



TABLE III. (Continued)

r

Q
MODEL COMPONENT: (lanvory (s
. GENERAL DESCRIPTION: =B78 (Anory

Seas Modée = D040S

FULL-SCALE

297,60
S0, OO

DRAWING NUMBER: VL70 - copOF2.
g DIMENSIONS :
¥
g Length
&
% Max. Width
? Max. Depth
% Fineness Ratio
; Area
% Max. Cross-Sectional
? Planform
@ Netted
é Base
r" Sri. Fib, BurkreAd, fus. sta.
S, T€, , ;444.4/4,

i . 19

=¥

MODEL SCALE

/S 83
22, L0

I T
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TABLE III, (Continued)

MODEL COMPONENT:

/NpmnPLATOR Arm Housmoy D7

GENERAL DESCRIPTION: —B9& AN

SALE Mobée = O O4VS

DRAWING NUMBER:

DIMENSIONS :

Length ~ /A/

Max. Width~ /A

Max. Depth+~/ /A

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

L& TNTERSECTS Fus, & STA,
Tk, ZTanesters Fus. e SrA.

20

e sere o L L e

FULL-SCALE

B8/ oo
S/, 00
2. OO

420,00
/307 00

MODEL SCALE

35, 68/
2. Ob &
81O

/7.283
S2.934

v | Pt 2 A=



’ TABLE III., (Continued)

MODEL COMPONENT:  BODY FeAP - L7

F o

i OF Foscinge  TRAImy EQgE

L e ¢

GENERAL DESCRIPTION: 2200y’ AZAP LotATED on) Aower, Arr I12R7/0a)

d e ———— e, e a— 0

Scar Mppge, = O0.0405
© DRAWING NUMBER: V470 - OOOO03A
DIMENSIONS : FULL-SCALE MODEL SCALE
Length = /A R3lo. 5 9. 580
k Max. Width
Max. Depth
Fineness Ratio )
Area ~ /f"
Max. Cross-Sectional
ﬂ Planform /99. 75 0. 328
wetted
Base
FLAP L.£ fus.sta, ) in IS20.80 G/ 896
Fisp TE, s . S7a.,in /L50. St 66. 848

21



TABLE ITII., (Continued)

MODEL COMPONENT: /4//@ 8/?5ﬁ77///\/.{1 ?ﬁol‘oﬂiﬁ/DﬁJ Sysrem \7/-¢ p :
| . . :
GENERAL DESCRIPTION: A ue LADER Wirily MNACELLES — 700 Teim) ~;

@éug s ONE O Be77rM ig&ﬂzﬁé’u/t/' , S22 MM
DIVERTER _LISED ON Toon T2ds
OALE Mobte = L O4OS™

§ el

DRAWING NUMBER : V4L T70 - 00005 4A
DIMENSIONS : e AWl e e FULL-SCALE MODEL SCALE
Length - /A/ 224 SO 7,012
Max. Width - /A% S5, O 2.228
Max. Depth -/As. SE, L L L5
Fineness Ratio
Area - /n%
;. Max. Cross-Sectional 237710 3. 277
5 laprvre 2043 .60 3. 352
: Wetted (TincRunL ) 25993.30 59 03¢
i Base ‘
| Nacsre Sm 0.0 @ Ared  Iwad Ceunr
" INCDEL. STATION) ~ Jas. 38. 475 S8, 478 (RI.478
WisTee PeANE - /N /0. 4/ 70, Oy F. G2l
“THRUST LINE
BUITOCK TRANE — IN /883 £A&.90 0000
ZNCIEMLE = DG, 3. 933 3.933 3,923
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TABLE ITI. (Continued)

MODEL COMPONENT : Ao Becarrsny TRopvisicod Svsrem Tr7
GENERAL DESCRIPTION: /v [udépuwymity MALELLES = TADIVIDUAL

NMaeszr s Ziosmmusnrien).

Nace Wi = 0.C¢08

 DRAWING NUMBER: SS-400/39

DIMENSIONS :

Length= /A,
Max. Width -/,
Max. Depth-/A/
Fineness Ratio
Area -/n*

Max. Crces»Sectional

FULL-SCALE MODEL SCALE

224 S0 4, O42
KK~ o0 2. 226

S5 0O 2 228

§27t/0 303“2‘2'
2042, L0 3 352,

Zajwg A Oeasre

laerves
Wetted /.Z"mz,wm)
Base
Miecees SA. 0.0 & Dura i
Modet S1ATIOM = 0, 40.800
Warerac - 1N, 10,250

Tnevsr Line

Burack Bawe - M. £12,920
ZIIDENBE - 69, 3.733
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2L.4S0O 38,475
9.£33 9. 934

z 8.9/ 0. 0¢O0
2.738 3.783.
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TABLE ITI.

MODEL COMPONENT: _ /ey W/ 87

(Continued)

GENERAL DESCRIPTION: __bwqg Decrn Wirly [ 75°/45° A “:)
L4 \

SeAE Nodete = DO4US

DRAWING NUMBER: VL 7>~ D003
DIMENSIONS : FULL-SCALE
TOTAL DATA
Area - /7%
Planform 2L89. 38
Wetted
Span (equivalent)- £# 7777
Aspect Ratio 2214
Rate of Taper /[ 176
Taper Ratio 0.207
Diehedral Angle, degrees@® X/ = 75,33/, 3.86/
Incidence Angle, degrees \3.200
Aerodynamic Twist, degrees -
Toe-In Angle ~
Cant Angle —
Sweep Back Angles, degrees
Leading Edge __P4.873
Trailing Edge =10+ 242
0.25 Element Line — 35, QSO
Chords: - /., ; 0.0) 4
Root (Wing Sta. 0. 90.,/9
Tip, (equivalent) 1924 30D
Fae S f .25 MAC e 76
Fus. Sta. of . ! By /2
WP of 125 M TR
.L. of .25 MAC .
Airfoil Section —{87:23
Root _
Tip —
EXPOSED DATA
Area - f1* /746 . 57
Span, (equivalent)-/7: —__$9. /b
Aspect Ratio 2. 004
Taper Ratio O 2856
Chords - /A,
Root —2p2.77
Tip — L. 30
MAC 3945/
Fus. Sta. of .25 MAC BS54 7
W.P. of .25 MAC _29/. 56
B.L. of .25 MAC 250. ¢
AEAIN & CEFE
774.:’:33’ AREA -f1+ 12/ 42,
L TUIRSECTS FUS, @ €M, S60.00
&k, TSNS Uiy @ LT .

03800

MODEL_SCALE

* £/

gl /4S8
/

2. 2/
gf- /75‘
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r TABLE III, (Continued)

MODEL COMPONENT: LeiVON ~A/8

GENERAL DESCRIPTION: LABWERT HINGE LIS £1EVON USED )

a/}NQ Wiz

ALE Modée = O.0405

DRAWING NUMBER: V70 - 000078
7 DIMENSIONS: FULL-SCALE
Area - /7 205,52
; Span (equivalent)- /A, 253,34
? Inb'd equivalent chord-/A/ /¥ 7
?t?" Outb'd equivalent chord - /&/. $S. 00
Ratio movable surface chord/
i total surface chord
j;_ At Inb'd equiv. chord ©. 208
i At Outb'd equiv. chord 400
Sweep Back Angles, degrees
‘“‘“ Leading Edge 0. co0
" Tailing Edge =10, 020
' Hingeline _L.ceo

Area Moment (Normal to hinge line) //3 [543, 0T
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MODEL SCALE
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TABLE III. (Continued)

MODEL COMPONENT: _Ver7/ AL TAIL /3

e

GENERAL DESCRIPTION: __Cfx‘xm.eu.gg Ve s M TAr  WiTH KBoddiR

A for Sped Besrt Deryelrion (asibiury

Stacg Mede e = 0.0405

DRAWING NUMBER:

| DIMENSIONS :
! TOTAL DATA

Area- /7 *
Planform
BUNKETED (142, ABCVE)
Span (equivalent)-/A,
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords: - /AL
Root W2 S<0.c0
Tip, (equivalent) w.2 Bo9 89
MAC W.P 44S.88
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

PRRIP ENEVERIZR . R T e T e

F Root
! Tip
i EXPOSED DATA
3 Area
. Span, (equivalent)
n Aspect Ratio
M Taper Ratio
i Chords
e Root
N Tip
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

- e

— T . WD At | e

26
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FULL-SCALE
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MODEL SCALE
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TABLE III.

MODEL COMPONENT: LAbef K3

(Concluded)

GENERAL DESCRIPTION: _Gdde@ LUsed v Lenriaeine Veeracny

A Vs,

SeacE Modee = O.040S"

DRAWING NUMBER:

DIMENSIONS :

Area -ff'

Span (equivalent)— A/,
Inb'd equivalent chord -/4.
Outb'd equivalent chord -/,

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At OQutb‘'d equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

FULL-SCALE

//5 . 3
223, 34
97.09
—S82.02

Q. 400
e 4OO

34 889
26 36/
3. 887

Area Moment (Normal to hinge Hne)-//-’ o47. 77

eT

MODEL SCALE

0,190
O,

3.732
2. /07

O. 40O
0. O

S 567
26.36/

24. 889
D.o43

A 3l s o

w3,

£
£
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- —————

Sw = 2690.00 ft2

Cw =  474.81 in

| bw = 936.68 in
]F C.G.X = 1076.48 in
C.G.Z = 400.00 in

LB = 1328.00 in

I o~ v

ELEVON
E18

-
b
-

' J 1 4 1 d i [l 3
v A v v

T 4 L} v v -
00 . 1000 1200 1400 1600 by

VERTICAL
V3

RUDDER
R3 .

T leak LR

T A @

‘el IR LT Ao @

BODY I LAP
- F1

8 A A R BT

a. cneral arrangement -89B Orbiter
Figure 2, - Model Sketches.
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Front view NAAL installation podded nacelles B16C5D7F T34, Wa7E1 gV3R3

d.

Figure 3. - Continued.
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